We report results from Spitzer observations of SNR 0509-68.7, also known as N103B, a young Type Ia supernova remnant in the Large Magellanic Cloud that shows interaction with a dense medium in its western hemisphere. Our images show that N103B has strong IR emission from warm dust in the post-shock environment. The post-shock gas density we derive, 45 cm −3 , is much higher than in other Type Ia remnants in the LMC, though a lack of spatial resolution may bias measurements towards regions of higher than average density. This density is similar to that in Kepler's SNR, 
Introduction
While the importance of Type Ia supernovae (SNe) in astrophysics is widely known, there are significant uncertainties in the nature of the progenitor systems and the explosions themselves. There is now significant debate in the literature over whether these SNe result -3 -from single-degenerate (the explosion of a white dwarf that has accreted matter close to the Chandrasekhar mass of 1.4 M ⊙ from a companion) or double-degenerate (the merger of two sub-Chandrasekhar mass white dwarfs) systems. In the last few years, most studies have favored a double-degenerate origin for most SNe Ia; Gilfanov & Bogdan (2010) claim that 95% of SNe Ia must result from this progenitor system. Wang & Han (2012) provide a thorough review of the possible explosion mechanisms for Type Ia SNe.
Recently, particular attention has been paid to a growing subclass of extragalactic Type Ia
SNe that show signs of interaction with material in a circumstellar medium (CSM) at early times (Silverman et al. 2013) . Although only about a dozen of these objects have been observed, the host galaxies are all late-type spirals like the Milky Way or dwarf irregulars like the Large Magellanic Cloud (LMC), implying an origin in relatively young stellar populations (Silverman et al. 2013) .
Observations of these SNe imply that the surrounding CSM is quite dense; however, to date, no radio or X-ray emission has been observed (likely due to their being too far away). Supernova remnants (SNRs), on the other hand, may be able to manifest the presence of CSM hundreds or even thousands of years after the explosion.
We report here on Spitzer imaging and spectroscopic observations of N103B, a small (∼ 15 ′′ radius, or ∼ 3.6 pc at a distance of 50 kpc) SNR in the LMC. Light echoes from the remnant place its age at ∼ 870 years (Rest et al. 2005 ), or about twice as old as Kepler's SNR. As we show in this paper, this remnant bears some strong resemblances to Kepler's SNR in our Galaxy, so much so that we propose that it may be a Kepler analog at 50 kpc.
Also known as SNR 0509-68.7, N103B is not without its share of controversy. Arguments for a Type Ia origin have been made by several authors. Hughes et al. (1995) examined ASCA spectra and found a high Fe/O ratio in the X-ray spectra. Lewis et al. (2003) verified this result with Chandra observations. Lopez et al. (2011) conducted a statistical analysis of the morphology of the remnant and concluded that the overall shape of the emission was more consistent with -4 -that of Type Ia SNRs in both the LMC and the Galaxy. Yang et al. (2013) favor a Type Ia origin based on the strength of Cr and Mn lines in the spectrum and their relative strength compared to Fe. Additionally, Badenes et al. (2009) favor a Type Ia SNR, noting that the remnant is associated with a region of the LMC that underwent recent star formation, implying that the progenitor, like Kepler, might have had a relatively young, massive progenitor with substantial mass loss prior to explosion. They suggest that the structure of the remnant may be due to CSM interaction. Finally, no compact remnant or pulsar wind nebula has ever been observed in the remnant, whereas many known core-collapse (CC) SNRs in the LMC do have known neutron stars or pulsars (a notable exception to this is SN 1987A, where no compact remnant has yet been observed).
On the other hand, Van der Heyden et al. (2002) argue in favor of a CC supernova origin for N103B based on the presence of O lines in the XMM-Newton RGS spectra. Most recently, Someya et al. (2013) find that the Suzaku X-ray spectra are best fit with H-dominated plasmas that more likely originate in Type II SNe. They find that the abundances in this model are most consistent with a 13 M ⊙ progenitor.
However, recently obtained light echo spectroscopy has settled the issue. Rest et al. (in preparation) show that the spectra of the light echos from N103B, first reported in Rest et al. (2005) , are consistent with a SN Ia. Light echo confirmation of the SN type is something that not even Kepler has.
From the SNR perspective, remnants of Type Ia SNe can generally be modeled without invoking a dense or complex CSM in their surroundings ).
Most Type Ia remnants, such as SN 1006, are evolving into a rather low-density ISM (Katsuda et al. 2013; Winkler et al. 2013) . Other examples of such remnants include Tycho's SNR , SNR 0509-67.5 , and SN 1885 in M31 . Searches for potential companion stars to these SNe have come up empty (e.g., Schaefer & Pagnotta 2012; Kerzendorf et al. 2014) . The simplest explanation for these (and -5 - indeed, most) Type Ia remnants is the double-degenerate scenario described above.
There are a few outliers: RCW 86 appears to have exploded into a low density, wind-blown cavity (Williams et al. 2011b) , implying an single-degenerate scenario. Kepler's SNR, on the other hand, has extremely dense surroudings, indicative of CSM material. Blair et al. (2007) and Williams et al. (2012) used Spitzer imaging and spectroscopic observations to quantify the high densities in Kepler. From the spectral signatures of the dust observed, they concluded that an O-rich AGB star must have been part of the progenitor system. Reynolds et al. (2007) and Burkey et al. (2013) concluded from Chandra X-ray observations that Kepler was an example of a "prompt" Type Ia SN; i.e., a progenitor that exploded within a few hundred Myr of forming, and that the remnant is most consistent with a progenitor system which blew a dense, equatorial wind prior to exploding, a situation which implies a single-degenerate progenitor scenario. Thus far, Kepler's SNR is the only remnant known with a dense CSM; finding others will bridge the gap between SNe Ia-CSM and their remnants.
We organize this paper in the following fashion. In Section 2, we detail the infrared and optical observations and data reduction. In Section 3, we report the results of our analysis.
Section 4 provides a discussion of our interpretation of our results. Section 5 serves as a summary of our findings.
Observations
Spitzer imaging observations of N103B were carried out as part of Program ID 3680. We observed the remnant in all bands of both the Infrared Array Camera (IRAC) and the Multiband We used the Image Co-addition with Optional Resolution Enhancement (ICORE) software to deconvolve the 24 µm image. ICORE is publicly available via the web 11 , and is designed for infrared astronomy. We processed our 24 µm data with the software, which uses the known PSF of Spitzer and all the individual frames that go into making a mosaic to deconvolve the image.
Because we had such good coverage of the remnant with our 44 overlapping frames, we were able to obtain a resolution of ∼ 2 ′′ (based on measuring the FWHM of several point sources in the field). This allows for a more detailed comparison with X-ray and optical images of the remnant. Figure 1 .
Optical Observations
Optical observations of N103B were carried out from the 1.5 m telescope at CTIO in 1994. The continuum-subtracted image (in all three lines, displayed in colors indicated in the caption), is shown in Figure 2 . The filament shown in red that wraps around the entire western portion of the shell is quite faint and appears only in Hα, the likely signature of a nonradiative shock, while the much brighter knots that appear yellow are almost equally strong in [S II] and Hα, indicating that here the shocks have become radiative in much denser material. The very bright white knot (indicated in Figure 2 ) is strong in all three lines, as well as in the infrared.
Results and Analysis
In Figure 1 , we show the results of our IR imaging observations. From a circular aperture over the wide MIPS 24 µm bandpass; i.e., virtually all of the emission seen is from dust. Our flux measurement is within errors of that from Seok et al. (2013) . We list all fluxes in Table 2 .
At 16 µm, the remnant is still quite bright. We measure a flux of 0.19 Jy, with statistical uncertainties of 4%. The IRS Data Handbook reports systematic uncertainties of 6% on measured fluxes from the Peak-Up array, so combined in quadrature with our measurement uncertainties, we find an overall uncertainty in the 16 µm flux of 0.014 Jy. For both the 24 and 16 µm fluxes, 13 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the AURA, Inc. under cooperative agreement with the National Science Foundation. At 70 µm, the situation becomes more complicated. The PSF of the telescope is less than the diameter of the remnant, but only barely. However, the background surounding N103B emission is quite complex at 70 µm, as is shown in Figure 1 . Throughout the MIPS 70 µm field of view, the surface brightness levels in the image vary from ∼ 30 − 130 MJy/sr. At the location of the remnant, there is a peak in the emission, but other peaks of comparable brightness exist that are unrelated to the remnant, most notably to the E and SW. Using aperture photometry with varying background regions, we obtain fluxes ranging from 0.04 to 1.3 Jy. Given this extremely large spread, we conclude that while there likely is very faint emission from the remnant at this wavelength, the flux measurement itself is not reliable enough to be used as a constraint in modeling the dust in the remnant. We consider the highest value measured, 1.3 Jy, to be an upper limit to the flux at 70 µm.
In Figure 2 , we show the results of our IRAC imaging. In the individual IRAC bands, there is no obvious emission from the remnant. However, a three-color image, with the 8.0 µm, 5.6 µm, and 4.5 µm images shown in red, green, and blue, respectively, does bring out emission that not only has slightly different colors than the ambient ISM, but also corresponds morphologically with the optical emission from the radiative shocks, as traced by [S II], also shown in Figure 2 .
In Figure 3 , we show the spatially integrated LL spectrum of N103B. The spectrum is clearly dominated by continuum emission from warm dust, and in many ways, looks similar to the spectra from two other young remnants of Type Ia SNe in the LMC: 0509-67.5 and 0519-69.0 Figure 2) , whereas the other two young remnants are still purely in a nonradiative phase (Tuohy et al. 1982; Smith et al. 1991) . For comparison, we also show the spectrum from the NW region of Kepler's SNR (Williams et al. 2012) . The similarities between the two spectra are obvious. Both show emission from silicate dust, as evidenced by the broad feature at 18 µm which manifests itself as a "shoulder" in the spectrum.
Dust Modeling
In Williams et al. (2012), we showed that heating of dust grains in Kepler by photons from the radiative shocks is insufficient to heat grains to the emitting temperatures observed. Even with unphysical assumptions, such as 100% of the shock energy being converted into UV photons, heating by this mechanism can only heat grains to at most 50 K (dust temperatures in N103B, as in Kepler, are much higher than this at around ∼ 115 − 130 K). Collisional heating is required for such hot dust. Collisional heating in the slow, radiative shocks is insufficient to heat grains to the high observed temperatures required to emit in the mid-IR, as shown in Dwek (1987) .
Only the plasma conditions of the nonradiative, X-ray emitting shocks, traced in the optical by Hα emission, provide an environment for grains to be heated to such temperatures. This implies a morphological correlation between these different energy regimes. We do observe such a correlation; see Section 3.4 for more discussion on this.
To model the dust emission observed, we use the models described by Borkowski et al. (2006) and follow the procedures used by and Williams et al. (2012) .
Briefly, grains are heated via collisions with hot ions and electrons in the post-shock plasma (the same hot plasma that emits thermal X-rays), where the final grain temperatures are a function of both the plasma temperature and density (the stronger dependence). We include effects from the -11 -gradual erosion of grains due to sputtering. The type of dust is a parameter as well, and due to the fact that we clearly see the 18 µm silicate dust emission feature, we have opted to use standard "astronomical silicates," with optical constants taken from Draine & Lee (1984) . As in Kepler, we see no evidence for crystalline silicate features, such as those seen in the spectra around cool, evolved O-rich stars (Morris et al. 2008; Henning et al. 2010 ).
The X-ray plasma parameters are taken from Lewis et al. (2003) , who list average values of the electron temperature and ionization timescale of the plasma in N103B of 1 keV and 10 11 cm −3 s, respectively. Though we do not have a direct measure of the ion temperature, we use an approximate value of 5 keV. This is slightly lower than the temperature we used in Kepler (8.9
keV), but given that N103B is slightly more evolved than Kepler, it is reasonable to assume the ion temperature will be lower. We stress here that the plasma temperature is the least sensitive parameter in collisional heating; see Williams et al. (2013) for a fuller discussion of the weak dependence of the dust spectrum on both the ion and electron temperature. If we had used the same proton temperature as in Kepler (almost a factor of two higher), our derived density would be lower by only 20%.
We use a χ 2 minimization algorithm to fit the spectrum from 21 to 33 µm, which we have found to be the most reliable region of the spectrum to fit to obtain a gas density. We find a best-fit with a post-shock density of n H = 45 cm −3 . The reduced χ 2 value for this fit is close to 1 over the fitted region. We obtain a 90% confidence interval for our upper and lower limits (where ∆χ 2 = 2.71) of 40 and 49 cm −3 , respectively. We show the fit to the spectrum in Figure 4 . This density is quite high, particularly compared to other Type Ia SNRs in the LMC (Borkowski et al. 2006 ) that are believed to be expanding into the ambient interstellar medium (ISM). We discuss possible explanations for this in Section 4. In this model, 51% of the dust is destroyed via sputtering, the process of gradually liberating material from the surface of the grain via collisions with energetic ions (Draine & Salpeter 1979) . We require a current dust mass -12 -of 1.5 × 10 −3 M ⊙ . Accounting for the amount lost due to grain destruction, the total swept up dust mass in the remnant is 3 × 10 −3 M ⊙ . For a standard LMC dust-to-gas ratio of 2.5 ×10 −3 (Weingartner & Draine 2001) , this leads to a swept-up gas mass of 1.2 M ⊙ . However, previous studies (Borkowski et al. 2006; Williams et al. 2006) have shown that the dust-to-gas ratio as determined from mid-IR observations of SNRs can be lower than the canonical value by a factor of a few, so the actual swept-up gas mass in N103B is likely a few solar masses.
18 µm Silicate Feature
As in Kepler, our dust models have no trouble fitting the continuum beyond 20 µm, but between 15 and 20 µm, the model underpredicts the observed emission. This is the region of the spectrum where the "18 µm" silicate feature is observed (Draine & Lee 1984) . Despite the fact that our silicate grain model does include this feature, it still fails to reproduce the observed spectrum in this region because the "18 µm" feature is not, in fact, at 18 µm. Again, as is the case with Kepler, the silicate feature is located at approximately 17.3 µm. We find this by following the technique of Guha Niyogi et al. (2011) of fitting a blackbody model to the underlying continuum and dividing this out of the spectrum. What remains is the absorption efficiency of the silicate dust grains as a function of wavelength, which we show in Figure 5 .
There is no dust temperature at which the optical constants of Draine & Lee (1984) can account for the observed features. There are examples in the literature of variation in the location of the silicate feature. Ossenkopf et al. (1992) note that there are differences between silicates in the CSM and ISM, since circumstellar dust is modified by processing within the ISM. This suggests the possibility that the dust we are seeing would be newly-formed dust from the outflow from the progenitor that has not yet been reprocessed within the ambient ISM. Henning et al.
(2010) report variations in silicate features seen from the spectra of AGB stellar outflows.
Additionally, Smith et al. (2010) find that the "18 µm" feature in the nucleus of M81 is actually at -13 -17.2 µm, similar to our observed location.
X-ray Modeling
The presence of O lines in the XMM-Newton RGS grating spectrum is reported by Van der Heyden et al. (2002) . These authors inferred from this that the progenitor must have been a core-collapse SN from a massive star. They report a value of 0.27 M ⊙ of O assuming a density that is a few times higher than that which we report here. With the density in the post-shock environment now determined from our IR observations reported, we can easily reconcile the presence of O lines with the fact that N103B is now known to be a SN Ia. The higher densities we find lower the mass of O implied by the fits of Van der Heyden et al. (2002) . It is beyond the scope of this paper to do our own detailed spectral fitting to the X-ray data, but we note that it is also possible that some of the O lines come from the ejecta; e.g., the canonical "W7" model of Nomoto et al. (1984) produces 0.14 M ⊙ of O. However, Lewis et al. (2003) use the high-resolution Chandra data to conclude that it is unlikely that the O component of the spectrum originates within the ejecta. The bulk of the O emission seen likely comes from the interaction of the forward shock with the dense circumstellar material. X-ray O emission arises quite easily in shocked gas, and even the remnant of SN 1006 (widely known to be the remnant of a Type Ia SN)
shows substantial O lines in its X-ray spectrum (Winkler et al. 2014) , which may arise from ejecta or shocked ISM.
Detailed X-ray spectral modeling is beyond the scope of this paper, but we have fit models to the integrated RGS X-ray spectrum to determine the shocked gas mass in the remnant. We fit both a plane-shock model and a Sedov model. For an assumed absorption column of 2.5 ×10 21 cm −2 , we derive emission measures of 1.3 and 1.5 ×10 59 cm −3 for the plane-shock and Sedov models, respectively. With our measured post-shock density of 45 cm −3 , we derive a total swept-up mass of 2.7-3.3 M ⊙ . While only a rough estimate, this number agrees relatively well with our inferred -14 -gas mass from the assumed dust-to-gas mass ratio.
Multi-Wavelength Comparison
In Figure 2 , we show a three-color optical image of N103B at ∼ 1.8 ′′ resolution. Only the western hemiphere of the remnant is visible, with the entire forward shock emitting in Hα. As we mentioned in Section 2.1, this is strongly suggestive that the Balmer emission observed in N103B arises from nonradiative shocks over a significant portion of the remnant.
A few arcseconds interior to the forward shock are several knots that also emit in [S II] and [O III], tracers of regions where the shocked material has cooled significantly and the shocks have become radiative. The brightest knot in the remnant at all three optical wavelengths (approximately halfway in between the north and south boundaries), which appears unresolved in the image, is also seen in the IRAC data, also shown in Figure 2 . The source of this emission is not clear, but is likely due to radiative cooling lines in the near-IR. We show, in Figure 6 , the short-low spectrum from this knot, which reveals an Ar II line at 7 µm. The IRS cuts off at ∼ 5.5
µm, so the source of the emission at IRAC channels 2 and 3 (4.5 and 5.6 µm) cannot be identified from the spectra available.
In Figure (Blair et al. 2007) , and old, like the Cygnus Loop (Sankrit et al. 2010 ).
This correlation confirms the presence of nonradiative, Balmer-dominated shocks in N103B.
-15 -While slow radiative shocks into dense clumps can heat dust, the much better morphological correlation with the Hα emission means that the nonradiative shocks are the dominant heating source in this remnant.
Chandra X-ray images of N103B were first shown by Lewis et al. (2003) . implies that there are multiple shocks present in these dense clumps; some dense and cool enough to provide significant optical emission, and some fast and hot enough for X-ray emission.
Asymmetry
Perhaps the most obvious feature of the remnant at all wavelengths is the asymmetry between the E and W halves. Stellar winds, by themselves, cannot easily reproduce such an asymmetry.
While winds can be anisotropic, they should still be symmetric in either the polar or equatorial direction. Here, again, we are reminded of Kepler, which is a factor of several brighter in the N hemisphere than the S (Blair et al. 2007 Bandiera (1987) , the asymmetry of Kepler is reproduced with a "comet" model, in which the mass losing star moving at relatively high velocity creates a bow shock from its interaction with the ISM.
N103B may not have the high spatial velocity of Kepler relative to the local ISM, but this is not necessary for a bow shock to form. As a rough calculation, the ram pressure (which scales as nv 2 , where n is the ISM density and v the velocity of the system) from the ISM resulting from a 300 km s −1 star moving through an ISM with n = 1 × 10 −3 cm −3 (appropriate for Kepler) is equivalent to the pressure exerted by an ISM with n = 1 cm −3 on a system moving at 10 km s −1 .
Hydrodynamic simulations of Villaver et al. (2012) show that bow shocks with significant density differences between the direction of motion and the trailing direction can form in the winds of AGB stars with velocities as low as 10 km s −1 in densities as low as 0.1 cm 
Discussion
The density we derive is very close to what was found for Kepler's SNR (Williams et al. 2012) , unsurprising given the similarities between the two spectra. As we show in Table 3, this density is an order of magnitude or more higher than any other Type Ia remnants. What could account for such a high density? One possibility is a coincidental encounter of the shock in the W hemisphere with a dense interstellar cloud. However, this explanation would not explain the shape of the remnant as being round and reminiscent of a bow shock nebula. Additionally, the 18 µm feature of silicate dust in dense interstellar clouds is actually at 18 µm (in fact, the optical properties of silicate grains which place the location of the feature at 18 µm are usually determined from observations of such clouds).
-17 -A more straightforward explanation is the same one invoked for Kepler: N103B is expanding into a dense CSM ejected from the progenitor system prior to explosion. This would explain the high densities and the formation of a bow shock nebula. An obvious question that arises from this is what the progenitor was. In Kepler, an AGB star has been favored by several authors, but there is an issue with an AGB interpretation for N103B. The atmospheres of massive AGB stars should be overabundant in N (Marigo et al. 2011 ), particularly at LMC metallicities (Karakas 2003) , but the optical spectra of N103B do not show such an N enhancement (Russell & Dopita 1990 ).
This can be taken as evidence that the WD companion had not undergone the first dredge-up prior to the pre-SN mass loss. Explanations other than the symbiotic AGB progenitors have been invoked to account for objects such as SN 2002ic, a Type Ia with the dense CSM. In the models of Han & Podsiadlowski (2006) (see also similar models in Meng & Yang (2010) ), material from a companion star is lost prior to the first dredge-up and the RGB and AGB phases of the stellar evolution.
Whatever the interpretation of the dense material in N103B, an additional issue is that with an ionization timescale from a plane-shock model for the X-ray emitting gas of 10 11 cm −3 s (Lewis et al. 2003) , our fitted post-shock density leads to a shock age of ∼ 60 yr. We expect a shock age of ∼ 300 yr, since the "effective" age in Sedov dynamics for a plane-shock model is about 1/3 the true age of the remnant (Borkowski et al. 2001) . One possibility is that this ionization timescale is too short; Van der Heyden et al. (2002) give a value of 2.3 ×10 11 cm −3 s.
Using this, our shock age would be 140 yr. Another possibility is that the remnant is younger than the best-fit age of 870 yr reported in Rest et al. (2005) . The authors there give a lower limit of 380 yr, a value that would further reduce the discrepancy by a factor of two. While this SN would have been easily visible from Earth with the naked eye, there is no documented historical record.
However, this is not necessarily a problem, as another SN Ia in the LMC with an age determined from light echoes, SNR 0509-67.5 (an age of ∼ 400 yr), also has no documentation of its SN event. Badenes et al. (2008) present an interesting discussion of the lack of a historical record for 0509-67.5 in the context of exploration and colonization of the southern hemisphere.
Since the remnant is basically unresolved in the spectroscopic observations, where our 3-D spatial-spectral cube has a spatial resolution of > 10 ′′ beyond 30 µm, another possible resolution to this is that we are seeing a superposition of various physically distinct emitting regions. This is the case in Kepler, where the density varies significantly throughout the remnant (Williams et al. 2012 ). As we showed for Kepler, dust emission at short wavelengths is dominated by nonradiative shocks driven into denser than average material, while at longer wavelengths, faster shocks into less dense material will dominate. Unfortunately, this hypothesis is not testable for N103B with current data. As we stated in Section 2, flux measurements at 70 µm are unreliable, and no emission at longer wavelengths is seen from Herschel. In the near future, the only reasonable observational test of this in the IR would be much higher spatial-resolution IR spectra. This will be possible with the James Webb Space Telescope (JWST). Even though JWST will only go out to ∼ 25 µm, one could still search on arcsecond scales for variations in the shape of the continuum emission, a clear indication of varying dust temperatures, and thus, varying densities.
Conclusions
The LMC remnant N103B shows strong emission in the mid-IR from warm dust grains in the post-shock environment. Its luminosity at 24 µm is nearly an order of magnitude higher than any other known Type Ia SNR. The spectrum is virtually identical to that seen from Kepler's SNR, which is known to be interacting with a dense CSM. We propose that N103B is a more evolved been interpreted as having an AGB star in the progenitor system, the overabundance of N in the optical spectrum predicted for massive AGB stars is not observed in N103B. However, the detailed relationship between the time evolution of N production in the progenitor system and the time of the SN explosion is poorly understood. One solution to this is that it may not have been an AGB star in the progenitor system, but rather a star that experienced significant mass prior to the first dredge-up of material. Such an explanation has been invoked to explain the Type Ia SN 2002ic. Finally, it is entirely possible that we are seeing an unresolved mix of ISM and CSM gas, which would surpress any N enhancement in the optical spectra.
Alternative scenarios to the CSM interpretation are less appealing. One possibility to explain the high density observed would be a coincidental encounter of the shock in the W hemisphere with a dense interstellar cloud, but such a chance encounter would not necessarily solve the issues listed above. While this could explain the lack of N overabundance (since the dense gas would be of ISM origin, and not CSM), it would not explain the shape of the remnant as being round and reminiscent of a bow shock nebula. Additionally, the 18 µm feature of silicate dust in dense interstellar clouds is actually at 18 µm (in fact, the optical properties of silicate grains which place the location of the feature at 18 µm are usually determined from observations of such clouds).
If the CSM interpretation is correct, N103B would become only the second known example of a Type Ia SN to be interacting with such a medium during the remnant phase. Such dense surroundings for the forward shock account for the strong O emission seen in the X-ray spectra.
The strong E-W asymmetry is very similar to Kepler (where the asymmetry is N-S). A slowly moving progenitor system blowing a slow wind can give rise to such a geometry. Such winds are most easily produced in a single-degenerate scenario. It is possible, though far from certain, that a companion star may still exist in the vicinity of N103B. However, because the lack of N abundance in the spectra disfavors an AGB or RGB star (both of which are quite bright), detecting such a companion star at 50 kpc may not be an easy task.
A dense CSM suggests that the SN that created N103B arose from a binary system containing a relatively young, massive progenitor. In an extragalactic population study, Aubourg et al. (2008) report significant evidence for a small population of short-lived SNe Ia progenitors with lifetimes less than 180 Myr and main-sequence masses in the range of ∼ 3.5 − 8 M ⊙ . Mannucci et al. (2006) also concluded that a population of "prompt" SNe Ia must exist (characterized by delay times from stellar birth to SNe of ∼ 100 Myr). Badenes et al. (2009) note that the local environs of N103B are associated with a burst of star-forming activity, with a prominent extended peak between 100 and 50 Myr in the past. Their statistical analysis gives a 73% chance that a Type Ia SN in such a region would be a prompt Ia, and they note that a metal-rich progenitor is likely.
Spitzer's limited resolution does not allow for spatially-resolved spectroscopy, so the potential for future study in the mid-IR with the James Webb Space Telescope is clear. Better characterization of the X-ray emission, such as spectrally decomposing regions dominated by the forward-shocked CSM and the reverse-shocked ejecta on small spatial scales would be useful. A deep Chandra observation could accomplish this on scales similar to what will be observable with JWST.
-21 - -23 - The spectrum is the same as that shown in Figure 3 , except that the lines and bad pixels have been removed (to highlight the shape of the continuum) and the vertical axis is logarithmic. The model, which includes the 18 µm silicate feature, fails to reproduce the observed spectrum because the feature in N103B is not located at 18 µm. 
